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1. Type of Application 



This new application is for a(n) 



(check one appBcable Item befow) 



Kf Original (nonprovisional) 

□ Design 
□ Rant 

WARNING: Do not use thk transmittal f& 

US.C. 371(cX4). unless the International Application h being Hied as a dMshnal, continuation or 
continuation-in-part application 

WARNING: Do not use this transmittal for the fiSng of a provisional apptkxthn. 

NOTE: tfoneofthefo*owing3Hermappty t thM 

TRANSMITTAL WHERE BENEFIT OF A PRIOR US. APPLICATION CLAIMED and a NOTIFICATION 
IN PARENT APPLICATION OF THE FILING OF THIS CONTINUATION APPLICATION. 

□ Divisional. 

□ Continuation. 

□ Continuation-in-part (C-l-P). 

2. Benefit of Prior U.S. Application^) (35 ILS.C. 119(e). 120, or 121) 

NOTE: if the new application being transmitted ts a divisional, continuation or a continuation-in-part of a parent 
case, or where the parent case is an International Application which designated the U.S., or benefit 
of a prior provisional application is claimed, then check the following item and complete and attach 
ADDED PAGES FOR NEW APPLICATION TRANSMITTAL WHERE BENEFIT OF PRIOR U.S. APPLICA- 
TION^) CLAIMED. 

WARNING: If an application claims the benefit of the fiting date of an earfter filed application under 35 US.C. 



120, 121 or 365(c), the 20-year term of that application will be based upon the filing date of the 
eariiest U.S. appfcation that the appTtcathn makes reference to under 35 US.C. 120, 121 or 365(c). 
(35 US.C. 154(a)(2) does not take into account, for the determination of the patent term, any 
application on which priority is claimed under 35 US.C. 119, 365(a) or 365(b).) For a c-i-p 
appncathn, applicant should review whether any claim in the patent that will issue is supported 
by an earlier application and, if not, the appncant should consider canceling the reference to the 
earlier fifed appTtcation. The term of a patent is not based on a daim-by-cfaim approach. See Notice 
of April 14, 1995, 60 Fed. Reg. 20,195, at 20,205. 



WARNING: When the last day of pendency of a provisional application falls on a Saturday, Sunday, or Federal 
holiday within the District of Columbia, any nonprovisional application claiming benefit of the 
provisional application must be filed prior to the Saturday, Sunday, or Federal hoTiday within the 
District of Columbia. See 37 C.F.R. § 1.76(a)(3). 

□ The new application being transmitted claims the benefit of prior U.S. applica- 
tion^). Enclosed are ADDED PAGES FOR NEW APPLICATION TRANSMITTAL 
WHERE BENEFIT OF PRIOR U.S. APPLICATIONS) CLAIMED. 

3. Papers Enclosed That Are Required for Filing Date under 37 C.F.R. 1.53(b) 
(Regular) or 37 C.F.R. 1.153 (Design) Application 

Pages of specification 

Pages of claims 

— L Pages of Abstract 




Sheets of drawing 
0 formal 
□ informal 
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WARNING: DO NOT submit original drawings. A high quality copy of the drawings should be suppfted when 
filing a patent appfcathrt The drawings that are submitted to the Office must be on strong, white, 
smooth, and non-shiny paper end meet the standards according to § 1.84. If corrections to the 
drawings are necessary, they should be made to the original drawing and a high-quality copy of 
the corrected original drawing then submitted to the Office. Only one copy is required or desired. 
Comments on proposed new 37 CFR 1,84, Notice of March 9, 198$ (1990 O.G. 57-0$. 

NOTE: "Identifying indicia, if provided, should include the application number or the title of the invention, 
inventor's name, docket number (if any), and the name and telephone number of a person to call if 
the Office is unable to match the drawings to the proper appBcation This information should be placed 
on the back of each sheet of drawing a minimum distance of 7.5 cm. (5/8 inch) down from the top 
of the page* 37 C.F.R 1.84(c)), 

(complete the following, if applicable) 

□ The enclosed drawings) are photograph®, and there is also attached a 
"PETITION TO ACCEPT PHOTOGRAPH(S) AS DRAWING(S)." 37 C.F.R. 1 .84(b). 

4. Additional papers enclosed 

□ Preliminary Amendment 

S Information Disclosure Statement (37 C.F.R. 1.98) 
# Form PTO-1449 (PTO/SB/08A and 08B) 
D3 Citations 

□ Declaration of Biological Deposit 

□ Submission of "Sequence Listing," computer readable copy and/or amendment 
pertaining thereto for biotechnology invention containing nucleotide and/or 
amino acid sequence. 

□ Authorization of Attomey(s) to Accept and Follow Instructions from Representa- 
tive 

□ Special Comments 

□ Other 

5. Declaration or oath 

0 Enclosed 
Executed by 

(check ail applicable boxes) 

0 inventors). 

□ legal representative of inventors). 
37 CFR 1.42 or 1.43. 

□ joint inventor or person showing a proprietary 
interest on behalf of inventor who refused to sign 
or cannot be reached. 

□ This is the petition required by 37 CFR 1.47 and the statement 
required by 37 CFR 1.47 is also attached. See item 13 below for 
fee. 

□ Not Enclosed. 

WARNING: Where the filing is a compietkn 

is rxtavaMabh.cr where the comphtto 
tothelntern*ihrmfAppMcathn,tte 
f^asthecasemaybe,uta^ADO&PAGEItt 
BENEFIT Of PRIOR U.S. APPLICATION CLAIKtB). 
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□ Application is made by a person authorized under 37 C.F.R. 1 .41 (c) on behalf 
of all the above named inventors). 

(The declaration or oath, along with the surcharge required by 37 CFR 1.16(e) can be 

fifed subsequently). 

NOTE: It is important that aft the correct inventorfs) are named for fffing under 37 CFR 1.41(c) and 133(b). 

□ Showing that the filing is authorized. 

(not required unless called into question. 37 CFR 1.41(d)) ~ 

6. Inventorship Statement 

WARNING: tf the named inventors are each not the inventors of all the claims an explanation, including the 
ownership of the various claims at the time the last claimed Invention was made, should be 

submitted. 

The inventorship for all the claims in this application are: 

□ The same. 

or 

□ Not the same. An explanation, including the ownership of the various claims at 
the time the last claimed invention was made, 

□ is submitted. 

□ will be submitted. 

7. Language 

NOTE: An application including a signed oath or declaration may be fifed in a language other than Engtish. 
A verified EngUsh translation of the non-English language application and the processing fee of $130 00 
required by 37 CFR 1.1 7(k) is required to be filed with the appr*xtkxi. or wWn such tkm as may be 
set by the Office. 37 CFR 1.52(d). 

N0TE ' ^^^ ngQ$h ^ * dedarathn in Me form provided or approved bythePTO need not be translated. 
37 CFR 1.63(b). 

S English 

□ Non-English 

□ The attached translation is a verified translation. 37 C.F.R, 1.52(d). 

8. Assignment 

$ An assignment of the invention to Hyundai Electronics Industr ies Co. , Ltd. 
- Ich'on, Kyoungki-do, Republ ic of Korea 

Hf is attached. A separate d "COVER SHEET FOR ASSIGNMENT (DOCU- 
MENT) ACCOMPANYING NEW PATENT APPLICATION" or □ FORM PTO 
1595 is also attached. 

□ will follow. 

NOTE: "If an assignment is submitted with a new application, send two separate fetters-one for the application 
and one for the assignment." Notice of May 4, 1990 (1114 O.G. 77-78). 

WARNING: A newly executed "CERTIFICATE UNDER 37 CFR 3.73(b)" must be filed when a contirujation-in-part 
application is filed by an assignee. Notice of April 30, 1993 t 1150 O.G. 62-64. 
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9. Certified Copy 



Certified copy(ies) of application® 



Rep. of Korea 


97-22108 


May 30, 1997 


Coui (try 


Appln. No. 


Red 


Country 


Appln. No. 


Fifed 


Country 


Appln. No. 


Filed 



from which priority is claimed 
is (are) attached. 
□ will follow. 

NOTE: The foreign application having the basis for the claim for priority must be referred to in the oath or 
declaration. 37 CFR 1.55(a) and 1.63. 

NOTE: This kern is for any foreign priority for which the appftcation being filed directly relates. If any parent 
U.S. appftcation or International Application from which this appftcation claims benefit under 35 U.S.C. 
120 is itself entitled to priority from a prior foreign application, then complete Hern 18 on the ADDED 
PAGES FOR NEW APPLICATION TRANSMITTAL WHERE BENEFIT OF PRIOR U.S. APPLICAVON(S) 
CLAIMED. 

10. Fee Calculation (37 C.F.R. 1.16) 
A. 6J| Regular application 



CLAIMS AS FILED 


Number filed 


Number Extra 




Rate 


Basic Fee 
37 C.F.R. 1.16(a) 
$790.00 


Total 

Claims (37 CFR ^^6{c)) t f t f- 20 


- M 


X 


$ 22.00 




independent ^ 
Claims (37 CFR 1.16(b)) ( - 3 


- <e 


X 


$ 82.00 




Multiple dependent claim(s), 
if any (37 CFR 1.16(d)) 




+ 


$270.00 





□ Amendment cancelling extra claims is enclosed. 

□ Amendment deleting multiple-dependencies is enclosed. 

□ Fee for extra claims is not being paid at this time. 

NOTE: If the fees for extra claims are not paid on fifing they must be paid or the claims cancelled by amendment, 
prior to the expiration of the time period set for response by the Patent and Trademark Office in any 
notice of fee deficiency. 37 CFR 1. 16(d). 

Filing Fee Calculation $_ 
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B. □ Design application 

($330.00—37 CFR 1.16(f)) 

Filing Fee Calculation $ 

C. □ Plant application 

($540.00 — 37 CFR 1.16(g)) 

Filing fee calculation $ 

11. Small Entity Statements) 

□ Verified Statement® that this is a filing by a small entity under 37 CFR 1.9 and 
1.27 is (are) attached 

WARNING: ^tix as a snvtf entity hone appO^^ 

<* patent h whk* the status has been estabtt 

under 35 U&C. 119(e). 120. 121 or 3S5fe> of a prior apportion may rely on a verified statement 

& the prior appScathn if the non^^ 
lenient h the pnorapptkxtkn 

appTtcation if status as a sma// entity is sM proper and desired." 37 C.F.H. § 128(a). 

(complete the following, if applicable) 

□ Status as a small entity was claimed in prior application 

1 - filed on _ , from which benefit 

is being claimed for this application under 

35 U.S.C. □ 119(e), 

□ 120, 

□ 121, 

□ 365(c), 

and which status as a small entity is still proper and desired. 
□ A copy of the verified statement in the prior application is included. 
Filing Fee Calculation (50% of A, B or C above) 

$ 

NOTE: Any excess of the full fee paid will be refunded if a verified statement and a refund request are (Had 
wrthtn 2 months of the date of timefy payment of a full fee. The two-month period is not extendable 
under § 1.136. 37 CFR 1.28(a). 

12. Request for International-Type Search (37 C.F.R. 1.104(d)) 

(complete, if applicable) 

□ Please prepare an international-type search report for this application at the time 
when national examination on the merits takes place. 
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13. Fee Payment Being Made at This Time 

C/ Not Enclosed 

D No fifing fee is to be paid at this time. 

(This and the surcharge required by 37 CF.fi. 1. 16(e) can be paid subse- 
quently,) 

0 Enclosed 

09 Filing fee $ 

jSf Recording assignment 
($40.00; 37 C.F.FL 1.21(h)) 
(See attached "COVER SHEET FOR 

ASSIGNMENT ACCOMPANYING NEW {J>n 

APPLICATION".) $ ^[U'V^ 

□ Petition fee for filing by other than all the 
inventors or person on behalf of the inventor 
where inventor refused to sign or cannot be 
reached 

($130.00; 37 C.F.R. 1.47 and 1.17(h)) $ 

□ For processing an application with a 
specification in 

a non-English language 

($130.00; 37 C.F.R. 1.52(d) and 1.1 7(k)) $ 

□ Processing and retention fee 

($130.00; 37 C.F.R. 1.53(d) and 1.21(1)) $ 

□ Fee for international-type search report 

($40.00; 37 C.F.R. 1.21(e)) $ 

NOTE: 37 CFR 1.21 (J) establishes a fee for processing and retaining any appfication that is abandoned for fatting 
to complete the appTtcation pursuant to 37 CFR 1.53(d) and this, as weft as the changes to 37 CFR 
1.53 and 7.78, indicate that in order to obtain the benefit of a prior U.S. appftcation, either the basic 
filing fee must be paid, or the processing and retention fee of § 1.21(0 must be paid, within 1 year from 
notification under § 53(d). 

Total fees enclosed $_ 

14. Method of Payment of Fees 

JST^Check in the amount of & I,^~y7>-QQ 

[?f Charge Account No. in the amount of 

$ 

A duplicate of this transmittal is attached. 

NOTE: Fees should be itemized in such a manner that it is dear for which purpose the fees are paid. 37 CFR 
1.22(b). 
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15. Authorization to Charge Additional Fees 

WARNING: ti no fees are to be paid on filing, the following Hems should not be completed. 

WARNING: Accurately count claims, especially multiple dependent claims, to avoid unexpected high charges, 
if extra claim charges are authorized, 

ST The Commissioner is hereby authorized to charge the following additional fees 
by this paper and during the entire pendency of this application to Account No. 

S" 37 C.F.R. 1.16(a), (f) or (g) (filing fees) 

&T 37 C.F.R. 1.16(b), (c) and (d) (presentation of extra claims) 

NOTE: Because additional fees for excess or multiple dependent claims not paid on fifing or on later presentation 
must only be paid or these claims cancelled by amendment prior to the expiration of the time period 
set for response by the PTO in any notice of fee deficiency (37 CFR 1.16(d)), it might be best not to 
authorize the PTO to charge additional claim fees, except possibly when dealing with amendments after 
final action. 

□ 37 C.F.R. 1.16(e) (surcharge for filing the basic filing fee and/or declaration 
on a date later than the filing date of the application) 

□ 37 C.F.R. 1.17 (application processing fees) 

WARNING: Whife37CFR 1.17(a), (b) t (c) and (d) deaf with extensions of time under § 1.136(a), this authorization 
should be made only with the knowledge that: "Submission of the appropriate extension fee under 
37 C.F.R. 1. 136(a) is to no avail unless a request or petition for extension is filed. " (Emphasis added). 
Notice of November 5 t 1985 (1060 O.G. 27). 

□ 37 C.F.R. 1.18 (issue fee at or before mailing of Notice of Allowance, 
pursuant to 37 C.F.R. 1.311(b)) 

NOTE: Where an authorization to charge the issue fee to a deposit account has been fifed before the mailing 
of a Notice of Allowance, the issue fee will be automatically charged to the deposit account at the time 
of mailing the notice of allowance. 37 CFR 1.311(b). 

NOTE: 37 CFR 1.26(b) requires "Notification of any change in status resulting in loss of entitlement to small 
entity status must be filed in the application . . . prior to paying, or at the time of paying, . . . issue 
fee." From the wording of 37 CFR 1.26(b), (a) notification of change of status must be made even if 
the fee is paid as "other than a small entity' and (b) no notification is required if the change is to another 
small entity. 

16. Instructions as to Overpayment 

JS- Credit Account No. 3? - Q 

□ Refund 



Reg. No. 31,391 



Tel. No. £03) 261-1234 



Customer No. 




Francis J. Maguire 



{type or pnnt name of attorney) 



WARE , FRESSOLA, VAN PER SLUYS & ADOLPHSON LLP 

P.O. Address 

755 Main Street, PO Box 224 
Monroe CT 06468 
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□ Incorporation by reference of added pages 

(check the following item if the application in this transmittal claims the 
benefit of prior US. applications) (including an international application 
entering the U.S. stage as a continuation, divisional or C-/-P application) and 
complete and attach the ADDED PAGES FOR NEW APPLICATION TRANS- 
MITTAL WHERE BENEFIT OF PRIOR U.S. APPLICATION^) CLAIMED) 

□ Plus Added Pages for New Application Transmittal Where Benefit of Prior U.S. 
Applications) Claimed 

Number of pages added 

□ Plus Added Pages for Papers Referred to in Item 4 Above 

Number of pages added 



□ Plus "Assignment Cover Letter Accompanying New Application" 

Number of pages added 

[2* Statement Where No Further Pages Added 



4 



(tf no further pages form a part of this Transmittal, then end this Transmittal 
with this page and check the following item) 

This transmittal ends with this page. 
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METHOD OF PRODUCING TWO DOMAINS WITHIN A LIQUID CRYSTAL LAYER, 
AND LIQUID CRYSTAL DISPLAY DEVICE AND METHOD OF MANUFACTURING 
THE SAME 

5 BACKGROUND OF THE INVENTION 

This invention relates to a liquid crystal display device 
and a method of manufacturing the liquid crystal display 
device, and more particularly to a method of producing two 
10 tilt domains within a liquid crystal layer and a method of 
fabricating a liquid crystal display device using a liquid 
crystal layer having the two tilt domains and a liquid crystal 
display device using the same. 

15 £."- DESCRIPTION OF THE RELATED ART 

y Twisted nematic (TN) liquid crystal displays (LCDs) have 

fM been mainly used for notebook computers in spite of their 

narrow viewing angle characteristics. However, improving the 
20/ viewing angle is a prerequisite for the replacement of cathode 
D ray tube (CRT) displays by LCDs in monitor and TV markets. 

Therefore, recently, in order to enhance the viewing angle 
q characteristics in the twisted nematic LCDs, various new 

concepts of LCDs have been suggested. For example, nematic 
25" liquid crystals using an in-plane switching (IPS) mode have 
been reported by R . Kiether, et al . (Proceedings of the 12th 
Int. Display Res. Conf . , Society for Information Display and 
Institute of Television Engineers of Japan, Hiroshima, p. 547, 
1992) . A vertical alignment (VA) mode with a negative 
30 birefringent compensation film has also been proposed by K. 

Ohmuro, et al . (Digest of Technical Papers of 1997, Society 
for Information Display Int. Symposium, Society for 
Information Display, Boston, p. 845, 1997). 

35 Although the IPS mode shows wide viewing angle 

characteristics comparable to the CRT display, the cell gap 
margin is narrower and the response time is rather slower than 
that of the TN mode. Furthermore, the IPS mode has a slight 

1 



color shift in oblique viewing angles. 

The VA mode with negative birefringent film shows a 
viewing angle range greater than 70° in polar angle for all 
azimuthal directions and a very fast response time of less 
than 2 5 ms . However, so as to obtain the wide viewing angles, 
fabrication of a dual domain or a multi-domain is further 
necessary. A technology of fabricating the dual domain or the 
multi-domain within the liquid crystal layer is described by 
K. Ohrnuro, et al . (Society for Information Display, p. 845, 
1997) . Here, various technologies of forming the liquid 
crystal having dual domain or mult i -domain structure so as to 
obtain such wide viewing angle were proposed. They include 
(1) a multiple rubbing method, (2) a multiple alignment layer 
method, (3) an edge fringe field method, and (4) a parallel 
fringe field method. The multiple rubbing method, the 
multiple alignment layer method and parallel fringe field 
method have been demonstrated on the gray scale VGA level. 
However, these methods require cumbersome processing. For 
example, each panel requires more than one rubbing for one or 
both substrates when the multiple rubbing method is used. 
Each panel requires one alignment layer patterning and etching 
for one or both substrates when the multiple alignment layer 
method is used. The indium tin oxide (ITO) layer on top of 
the color filter layer needs to be patterned when the parallel 
fringe field method is used. The process of these three 
methods involves coating, baking, patterning, developing and 
stripping of the photoresist as well as one additional rubbing 
and photolithography process (for the multiple rubbing 
method) , or one additional layer coating (for the multiple 
alignment layer method) or ITO etching on the color filter 
side (for the parallel fringe field method) . 

Therefore, the process becomes significantly more 
complicated and more expensive than that of the conventional 
single-domain process. Moreover, the multiple rubbing method 
involves dissymmetry in the viewing angle. 



In the liquid crystal display device of in-plane 
switching mode (refer to "Asia Display Proceedings of the 15th 
International Display Research Conference" Society for 
Information Display and the Institute of Television Engineers 
5 of Japan, Hamamatsu, Japan, p. 577, 1995) proposed so as to 
solve a narrow viewing angle of TN mode, liquid crystal 
molecules are first arranged in parallel with the substrates 
in the absence of the electric field and then twisted in the 
shape of the electric field. Therefore, it is known that the 
10 response time using the conventional IPS mode is not enough 

for displaying a fast moving image, in particular, in the gray 
scale operation. Therefore, it is important to improve the 
response time for high-performance LCDs, 

154 Further, since liquid crystal molecules used in a liquid 

P; crystal display device using an in-plane switching mode has 
y! optical anisotropy, the picture shows a different color 

depending on the viewing direction. This is referred to as a 
43 color shift phenomenon. Such a color shift phenomenon 

20* : ^ decreases the display characteristic of the liquid crystal 
□ display device (refer to Euro display '96, "Complete 
^ suppression of color shift in in-plane switching mode LCDs 

with a mult i -domain structure obtained by unidirectional 
: d rubbing method") . 

25'""" 

SUMMARY OF THE INVENTION 

Accordingly, one object of this invention is to simplify 
the technology for producing at least two tilt domains within 
30 a liquid crystal layer. 

Another object of this invention is to provide a method 
of forming a liquid crystal display device, utilizing such 
simplified technology for producing at least two tilt domains 
within a liquid crystal layer. 

35 

A further object of this invention is to improve viewing 
angle characteristics in a liquid crystal display. 
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Another object of this invention is to shorten the 
response time in a liquid crystal display. 

According to a broad aspect of the invention, so as to 
produce two domains within a liquid crystal layer, first, two 
electrodes are formed on a substrate, and a liquid crystal 
layer aligned vertically with respect to the substrate are 
then formed on the substrate where the substrate has two 
electrodes separated from each other by a selected distance. 
Finally, an electric field between the two electrodes is 
applied. 

According to one aspect of the invention, a method for 
fabricating a liquid crystal display device, comprises the 
steps of: providing a first substrate; forming a first 
electrode and a second electrode on a surface of the first 
substrate; forming a homeotropic alignment layer on the first 
substrate having the two electrodes thereon; providing a 
second substrate; forming a homeotropic alignment layer on a 
surface of the second substrate; arranging the two substrates 
such that the homeotropic layers on the two substrates face 
each other and are separated by a selected distance; and 
forming a liquid crystal layer within a space between the two 
substrates . 

According to another aspect of the invention, a method 
for fabricating a liquid crystal display device, comprises the 
steps of: providing a first substrate having an inner surface 
and an outer surface opposite the inner surface; forming a 
first electrode and a second electrode on the inner surface of 
the first substrate; forming a first homeotropic alignment 
layer on the inner surface of the first substrate having the 
two electrodes; providing a second substrate having an inner 
surface and an outer surface opposite the inner surface; 
forming a second homeotropic alignment layer on the inner 
surface of the second substrate; arranging the two substrates 
such that the two inner surfaces of the two substrates face 



each other separated by a selected distance; forming a liquid 
crystal layer within a space between the two substrates; and 
forming an optical compensating plate on at least one outer 
surface of the two substrates. 

5 

According to a further aspect of the invention, a liquid 
crystal display device comprises: a substrate having a 
surface; a first electrode formed on the surface of the 
substrate; a second electrode formed on the same surface of 
10 the substrate, an electric field being generated between the 
first electrode and the second electrode; a liquid crystal 
layer formed on the substrate surface and including liquid 
crystal molecules, the liquid crystal molecules being aligned 
vertically with respect to the substrate surface in an absence 
of the electric field between the electrodes. 

l ±} According to still another aspect of the invention, a 

"Sf- liquid crystal display device comprising: a substrate; a 

yy first electrode formed on a surface of the substrate; a second 

20~" electrode formed on the substrate surface, an electric field 
O being generated between the two electrodes; a liquid crystal 
H layer formed on the substrate surface and including liquid 
pj crystal molecules, the liquid crystal molecules being aligned 
^3 vertically with respect to the substrate surface in an absence 

25**' of the electric field between the two electrodes; and a 

homeotropic alignment layer formed on at least one of upper 
and lower surfaces of liquid crystal layer. 

According to even another aspect of the invention, a 
30 liquid crystal display device comprises: a substrate; a first 
electrode formed on a surface of the substrate; a second 
electrode formed on the substrate surface, an electric field 
being generated between the two electrodes; a liquid crystal 
layer formed on the substrate surface and including liquid 
35 crystal molecules; a homeotropic alignment layer formed on at 
least one of upper and lower surfaces of liquid crystal layer; 
and an optical compensating plate formed on at least one of 
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upper and lower portions of the liquid crystal layer, whereby 
the liquid crystal molecules are aligned vertically with 
respect to the substrate surface in an absence of the electric 
field between the two electrodes. 

5 

According to yet another aspect of the invention, 
a liquid crystal display device comprising: a first substrate 
having an inner surface and an outer surface opposite the 
inner surface; a second substrate disposed opposite the first 
10 substrate and having an inner surface and an outer surface 

opposite the inner surface; a liquid crystal layer sandwiched 
between the inner surfaces of the two substrates and including 
liquid crystal molecules; a first electrode and a second 
electrode formed on the inner surface of the first substrate, 
15^ wherein the first electrode and the second electrode are 
spaced apart for application of an electric field 
U: therebetween; homeotropic alignment layers respectively formed 
jj; on the inner surface of the first substrate and on the inner 
•:0 surface of the second substrate ; and an optical compensating 
20-" plate disposed on at least one of the outer surfaces of the 
first and second substrates, wherein in the presence of the 
^ electric field between the two electrodes, the molecules are 

tilted from the respective electrodes towards a central region 
between the two electrodes. 

25 UJ 

According to even an additional aspect of the invention, 
a liquid crystal display device, comprises: a lower or first 
substrate having an inner surface and an outer surface 
opposite the inner surface; an upper or second substrate 

30 having an inner surface and an outer surface opposite the 
inner surface and disposed opposite the first substrate; a 
liquid crystal layer sandwiched between the two substrates and 
including liquid crystal molecules; a pixel electrode and a 
counter electrode formed on the inner surface of the first 

35 substrate, an electric field for driving the liquid crystal 
molecules being generated between the two electrodes; 
homeotropic alignment layers respectively formed on the inner 
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surface of the lower substrate and on the inner surface of the 
upper substrate; a polarizer disposed outside the lower 
substrate; an analyzer disposed outside the upper 
substrate; and an optical compensating plate disposed at least 

5 one of between the liquid crystal layer and the polarizer and 
between the liquid crystal layer and the analyzer, 
whereby in an absence of the electric field between the two 
electrodes, the liquid crystal molecules are aligned 
vertically with respect to the substrate surface, and in a 

10 presence of the electric field between the two electrodes, the 
molecules are tilted rightward and leftward towards the center 
between the two electrodes . 

According to still another aspect of the invention, a 
\5% liquid crystal display device comprises: a lower or first 
C substrate having an inner surface and an outer surface 
& opposite the inner surface; an upper or second substrate 
m having an inner surface and an outer surface opposite the 
inner surface and disposed opposite the first substrate; a 
l6T plurality of gate bus lines and a plurality of data bus lines 
C intersecting the plurality of gate bus lines, arranged in a 
r[ matrix configuration on a surface of the first substrate and 
□ defining a plurality of pixel regions each bounded by a pair 
;^ of the plurality of gate bus lines and a pair of the plurality 
25^ of data bus lines; a liquid crystal layer sandwiched between 
the inner surfaces of the two substrates and including liquid 
crystal molecules; a pixel electrode and a counter electrode 
formed on the inner surface of the first substrate, an 
electric field for driving the liquid crystal molecules being 
30 generated between the two electrodes; a plurality of switching 
devices corresponding respectively to the plurality of pixel 
regions, each of the plurality of switching devices being 
connected to a corresponding one of the plurality of data bus 
lines and a corresponding one of the plurality of pixel 
35 electrodes; homeotropic alignment layers respectively formed 
on the inner surface of the second substrate and on the inner 
surface of the first substrate; a polarizer disposed outside 
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the first substrate; an analyzer disposed outside the second 
substrate; and an optical compensating plate interposed at 
least one of between the liquid crystal layer and the 
polarizer and between the liquid crystal layer and the 
analyzer, whereby in a presence of the electric field between 
the pixel electrode and the counter electrode, the molecules 
are tilted rightward and leftward towards the center between 
the two electrodes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and 
constitute a part of the specification, illustrate presently 
preferred embodiments of the invention, and together with the 
general description given above and the detailed description 
of the preferred embodiments given below, serve to explain the 
principles of the invention. 

FIG. 1A is a cross sectional view showing a liquid 
crystal device before an electric field is applied according 
to the first embodiment of this invention. 

FIG. IB is a cross sectional view showing a liquid 
crystal device after the electric field is applied according 
to the first embodiment of this invention. 

FIG. 2 is a cross sectional view of a first substrate of 
the liquid crystal display device according to a second 
embodiment of this invention. 

FIG. 3 is a cross sectional view of a second substrate of 
the liquid crystal display device according to the second 
embodiment of this invention. 

FIG. 4A is a cross sectional view of the liquid crystal 
display device in the absence of an electric field according 
to the second embodiment of this invention. 
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FIG. 4B is a cross sectional view of the liquid crystal 
display device in the presence of an electric field according 
to the second embodiment of this invention. 

FIG. 5A is a perspective view showing the liquid crystal 
display device in the absence of an electric field according 
to a third embodiment of this invention. 

FIG. 5B is a perspective view showing the drive of the 
liquid crystal molecules in the presence of an electric field 
according to the third embodiment of this invention. 

FIG. 6A is a drawing for showing the general shape of one 
liquid crystal molecule of the liquid crystal layer. 

FIG. 6B is a drawing for showing one liquid crystal 
molecule included in an optical compensating plate according 
to a third embodiment of this invention. 

FIG. 7 is a schematic plan view of the first substrate of 
a liquid crystal display device, according to a fourth 
embodiment of this invention. 

FIG. 8 is a cross sectional view of the liquid crystal 
display device taken along line 8-8' in FIG. 7, in the absence 
of an electric field according to the fourth embodiment of 
this invention. 

FIG. 9 is a cross sectional view of the liquid crystal 
display device taken along line 8-8' in FIG. 7, in the 
presence of an electric field according to the fourth 
embodiment of this invention. 

FIG. 10 is a graph showing a voltage -dependent optical 
transmittance curve in a liquid crystal display device 
according to this invention. 
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FIG. 11A and FIG. 11B show a transmittance pattern with 
an applied voltage in a liquid crystal display device 
according to this invention. 



5 FIG. 12 shows brightness dependent on viewing angle in a 

liquid crystal display device according to this invention. 

FIG. 13 is a simulation result of the liquid crystal 
display device according to this invention so as to measure a 
10 transmittance ratio. 

FIG. 14 is a graph showing a contrast ratio of a liquid 
crystal display device with a negative birefringent 
compensation plate according to this invention. 

15& 

p DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

II Hereinafter, preferred embodiments of this invention will 

~; be explained in detail with reference to the accompanying 

20_ drawings . 

=7; EMBODIMENT 1. Formation of Liquid Crystal Layer having a 

□ Dualdomain Structure . 

25 Referring to FIG. 1A, a first electrode 12 and a second 

electrode 14 for generating an electric field therebetween are 
formed on a lower or first glass substrate 10. The electrodes 
12 and 14 are of a conductive material. They preferably are 
optically transparent and may be formed of conventional 

30 materials, as is well known in the art. The electrodes may be 
applied by vacuum deposition, printing, or any other 
applicable technique that provides the desired optical and 
electrical characteristics. Exemplary electrode materials 
include indium tin oxide, tin oxide and antimony doped tin 

35 oxide. The electrodes are relatively thin, for example, about 
2 00 angstroms thick and are adequately transparent so that 
they preferably do not significantly affect the optics of the 
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liquid crystal display. The distance between the electrodes 
12 and 14 may be almost the same as a width of the respective 
electrodes and may be a little larger than that of the 
electrodes. The distance therebetween is for example 3 to 2 0 

5 /zm. It is preferable to be about 4 to 5 //m. The electrodes 
may have an interdigital shape. The first electrode and 
second electrode are simultaneously formed. Alternatively, 
any one of the electrodes 12 and 14 is first formed and the 
remaining one is formed later. Also, so as to prevent a 

10 distortion of disclination lines (See Fig. 11B and Fig. 13) it 
is preferable to form the electrodes 12 and 14 in a single 
layer. It is also preferable to remove the cause of any 
distortion of the disclination lines by optimizing the design 
of the edge portions of the electrode. Here, the first 

154; electrode 12 and the second electrode 14 are electrically 
q insulated from each other. 

Fy A lower or first alignment layer 16 of polyimide (JALS- 

^ 204 manufactured by Japan Synthetic Rubber Co.) is coated on a 
20'/ resultant structure of the first substrate 10 having the 
C3 formed electrodes 12 and 14. The first alignment layer 16 is 
I^J an alignment layer subject to homeotropical alignment 
q treatment in a known technique . On an upper or second 

substrate 18 is also formed a corresponding upper or second 
25" homeotropic alignment layer 20 of polyimide (JALS-204 

manufactured by Japan Synthetic Rubber Co.). The alignment 
layers 16 and 20 each has a pretilt angle in a range of about 
88 degrees to about 92 degrees. By pretilt angle is meant an 
angle between the longer axes of the liquid crystal molecules 
30 and the surfaces of the substrates. 

The lower or first substrate 10 and the upper or second 
substrate 18 are disposed such that they are opposite to each 
other. A nematic liquid crystal compound for forming a liquid 
35 crystal layer 22 is poured between the first and second 

substrates 10 and 18 which are then sealed. The liquid crystal 
molecules 24 of liquid crystal layer 22 have a property of 
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positive dielectric anisotropy and they may be selected to 
have excellent purity and reliability. 

The property of positive or negative dielectric 
5 anisotropy has the following meaning: 

dielectric anisotropy ( Ae ) = e ( - eJ_ 

e\ : dielectric constant where the electric field is 

applied parallel to a direction of an longer axis of 
the molecule 

10 e_L: dielectric constant where the electric field is 

applied normal to a direction of an longer axis of 
the molecule. 

When the dielectric constant anistropy is positive, the 
15*7; longer axis of the liquid crystal molecule is arranged 
p parallel to a direction of the electric field. When the 
^- dielectric constant anistropy is negative, the shorter axis of 
n' : the liquid crystal molecule is arranged parallel to the 
^0 direction of the electric field. 

Q The liquid crystal layer 22 has a birefringence index 

r; (An) of about 0.065 to about 0.070. Thus 7 And is set to be 
rj about 0.2 to 0.6 /im. The homeotropic alignment layers 16 and 
^3 20 induce the liquid crystal molecules 24 so that the major 
25"""" axes of the liquid crystal molecules 24 are aligned 

substantially vertically relative to the substrate surface in 
the absence of an electric field between the electrodes 12 and 
14 . 

30 The principle of forming the liquid crystal layer having 

multi-domain structure is as follows: 

When an electric field is not applied to the liquid 
crystal layer, the liquid crystal molecules 24 within the 
35 liquid crystal layer 22 are aligned vertically with respect to 
the surfaces of the second and first substrates 18 and 10. In 
contrast with this, when an electric field is applied to the 
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liquid crystal layer, i.e., when a voltage V > Vth is applied, 
there is formed a fringe field between the first electrode and 
the second electrode. Accordingly, depending on the direction 
of the electric field, the liquid crystal molecules of the 
liquid crystal layer are divided into two domains Dl, D2 at a 
region defined by the first and second electrodes, as shown in 
FIG. IB. 

For instance, the liquid crystal molecules 24a in a first 
domain are aligned by rotating in the clockwise direction 
whereas the liquid crystal molecules 24b in a second domain 
are aligned by rotating in the counterclockwise direction. At 
this time, the liquid crystal molecules at a boundary between 
the two domains are aligned vertically with respect to the 
respective surfaces of the second and first substrates. 
However, the molecules 24c existing in a border area between 
the two domains Dl and D2 still hold an original state where 
the major axes of the liquid crystal molecules are aligned 
substantially vertically relative to the substrate surfaces 
because of an influence of the adjacent molecules 24a and 24b 
to the molecules 24c. The border is important since it serves 
to border the two domains exactly. The borderline separates 
and exists so along the line between the domains. In 
importance of the electric field, the molecules 24c hold the 
initial state since they receive the force lines with similar 
dimensions in both directions from the molecules within both 
domains. In addition, in the molecules 24c within the border 
region, the inclination of the longer axis of the molecules 
and the direction of the electrical field is 90 degrees; 
therefore, the molecules are influenced by a dielectric torque 
in such a way as to maintain the initial state. 

Accordingly, unlike the prior art, this embodiment makes 
it possible to form liquid crystal layer having a dual domain 
structure by adopting a simple process instead of the 
complicated treatments using a plurality of processes. 
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EMBODIMENT 2. Formation of Liquid Crystal Display Device 

Referring to FIG. 2, the pixel electrode 32 and the 
counter electrode 34 for generating an electric field 

5 therebetween are both formed on the first or base substrate 
30. The distance between the electrodes 32 and 34 may be 
almost the same as a width of the respective electrodes and 
may be a little larger than that of the electrodes. The 
distance therebetween is for example 3 to 20 /im. It is 

10 preferable to be about 4 to 5 fim, At this time, the two 

electrodes 3 2 and 34 may be either concurrently or separately 
formed . 

By the word "separately" is meant that any one of the two 
15*r electrodes 32 and 34 is first formed and the other is 
p thereafter formed. Herein, the pixel electrode 32 and the 

counter electrode 34 are formed such that they are insulated 
n. from each other. In the present embodiment, on the surface of 
■f- the resultant first substrate 3 0 where the pixel and counter 
2Q/ electrodes 32 and 34 are formed, is coated an homeotropic 
O alignment layer 36 of polyimide JALS-204 manufactured by Japan 
s r\ Synthetic Rubber . 



The lower alignment layer 3 6 is an alignment layer 
25" already subject to a homeotropical alignment treatment in a 

known technique. The alignment layer 36 has pretilt angle in 
a range of about 88 degrees to about 92 degrees. The 
resultant structure is then cleaned by deionized water. 

30 Referring to FIG. 3, on the inner surface of an upper or 

second substrate 38, is formed a color filter 39 with a black 
matrix (not shown) by a conventional method. The second 
substrate 3 8 does not have any counter electrode made of 
indium tin oxide. On the second substrate 38 having the color 

35 filter formed thereon is coated a homeotropic alignment layer 
40 of polyimide JALS-204 manufactured by Japan Synthetic 
Rubber Co. The alignment layer 40 also has pretilt angle in a 
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range of about 88 degrees to about 92 degrees. The resultant 
structure is then cleaned by deionized water. 

Referring to FIG.4A, the second glass substrate 3 8 on 
5 which the color filter 3 9 and the homeotropic alignment layer 
4 0 are both formed, and the first substrate are assembled to 
give a cell gap(d) of about 3.0 /zm to about 8.5 between the 
alignment layers 36, 40. Thereafter, a nematic liquid crystal 
is inserted into the space to provide a liquid crystal layer 
10 42. The liquid crystal layer 42 has a birefringent index (An) 
of about 0.065 to about 0.070. Thus, And is set to be about 
0.2 to 0.6 /xm. Herein, the liquid crystal molecules 44 of the 
liquid crystal layer 42 have positive dielectric anisotropy. 
As a result, the homeotropic alignment layers 3 6 and 4 0 induce 
15 ^ the liquid crystal molecules 44 so that the major axes of the 
f=2 liquid crystal molecules 44 are aligned substantially 
~} perpendicularly to the substrate surface in the absence of an 
S": electric field between the electrodes 32 and 34. The 

resultant structure is referred to below as an LCD panel. 

C As shown in FIG. 4A, an optical compensating plate 46 is 

attached to the LCD panel on the outer surface of the second 
R substrate 38. A polarizer 48 is attached to the LCD panel on 
the surface of the first substrate 30 and the analyzer 49 is 

25"" attached to the LCD panel on the exposed surface of the 

optical compensating plate 46. The optical compensating plate 
4 6 may be disposed on either side of an LCD panel with the 
polarizer 48 and the analyzer 49 sandwiching the compensating 
plate 46 and the LCD panel therebetween. That is, although the 

30 optical compensating plate 46 is interposed between the second 
substrate 38 and the analyzer 49 in FIG. 4A, the optical 
compensating plate may be disposed between the first substrate 
30 and the polarizer 48 and may be disposed on both sides of 
the LCD panel. More broadly, the compensating plate can be 

35 viewed as being formed on at least one of upper and lower 
portions of the liquid crystal layer or if not directly 
thereon, on at least one side of the upper and lower portions 
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of the liquid crystal layer, i.e., with some other layer or 
substrate in between. 

Next, an operation principle in which the liquid crystal 
5 layer varies from a single domain structure to a dual domain 
structure will be described. 

In the absence of an applied electric field, the liquid 
crystal molecules are vertically aligned with respect to the 
10 surface of the both substrates. 

Upon application of an electric field, a fringe field 
having a vertical component which has a symmetrical shape 
based on a border is formed between both electrodes. As a 
15^: result, as shown in FIG. 4B, the liquid crystal molecules 
p- within the liquid crystal layer 42 in a unit pixel begin to 

align. For example, the liquid crystal molecules 44a in a 
S; first domain region dl are aligned in a clockwise direction 
^ while the liquid crystal molecules 44b in a second domain 
20'." region d2 are aligned in a counterclockwise direction. The 
Q molecules 44c existing at a border area between the two 

domains dl and d2 continue to hold an original state where the 
Q major axes of the liquid crystal molecules are aligned 

substantially vertically relative to the substrate surface 
25"" because of an influence of the adjacent molecules 44a and 44b 
to the molecules 44c. Therefore, the molecules 44 are aligned 
in a symmetrical configuration based on a border between the 
electrodes 32 and 34. 

30 According to the present embodiment, several times of 

rubbing and photolithography processes for forming the dual 
domain structure can be deleted. As a result, the invention 
can facilitate a formation of the dual domain structure within 
the liquid crystal layer in respective unit pixels. 

35 

EMBODIMENT 3 . Structure of Liquid Crystal Display Device 
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Referring to FIG. 5A, a first substrate 3 0 and a second 
substrate 38 are disposed opposite to each other with a cell 
gap (d) of about 3.0 fxm to about 8.5 /an. Here, the first 
substrate 3 0 is a lower substrate and the second substrate 3 8 
is an upper substrate. The substrates 30 and 38 are made of a 
transparent glass material. At this time, the cell gap is 
determined by considering a response time, a driving voltage 
and a transmittance of the liquid crystal display device, etc. 
The cell gap is preferably set such that AndsX/2 is about 0.2 
to 0.6 /an. In general, as And increases, the transmittance 
increases while a viewing angle becomes narrow. As the cell 
gap (d) increases, the driving voltage decreases while the 
response time becomes long. The optical compensating plate 
will be described later. 

A liquid crystal layer 42 is interposed between the first 
substrate 30 and the second substrate 38. The liquid crystal 
layer 42 comprises a nematic liquid crystal, which exhibits a 
positive dielectric anisotropy. Due to a characteristic that 
the liquid crystals show a bending configuration upon the 
application of the electric field, it is preferable to use the 
liquid crystals having a low elastic coefficient, thereby 
lowering the driving voltage . 

Since liquid crystals of positive dielectric anisotropy 
have good purity and reliability, they are used in this 
embodiment . 

An additive may be used in the liquid crystal to expedite 
return to an original alignment. An exemplary additive, 
namely a cholesteric chiral additive may be used in solution 
with the liquid crystal material. 

So as to generate an electric field which drives the 
liquid crystals in the IPS mode, a pixel electrode 32 and a 
counter electrode 34 are formed on either one of the first 
substrate 3 0 and the second substrate 38. The other of the 
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substrates has no electrode thereon. 

The pixel electrode 32 and the counter electrode 34 are 
electrically isolated from each other. In this embodiment, 

5 the pixel electrode 32 and the counter electrode 34 both are 
formed on the inner surface of the first substrate 30. Here, 
the pixel electrode 32 and the counter electrode 34 are 
arranged such that they are separated from each other with a 
selected distance. The distance between the pixel electrode 

10 32 and the counter electrode 34 may be almost the same as a 
respective width of the electrodes 32 and 34 and may be a 
little larger than that of the respective electrodes 32 and 
34. The distance therebetween is for example 3 to 20/mi. It 
is preferable to be about 4 to 5 fan. Here, various types and 

lC shapes of electrodes 32 and 34 can be adopted within the scope 
of this invention. 

For example, the electrodes 32 and 34 may have an 

m interdigital configuration with an electrode distance of about 
20 and an electrode width of about 10/zm. 

U The pixel electrode 32 and the counter electrode 34 are 

% made of opaque material having an excellent conductance such 

qj as chromium and aluminum. The electrodes 32 and 34 may be 

25 made of transparent metal material such as indium tin oxide. 

Here, a data bus line signal is inputted to the pixel 
electrode 32 and a common signal is inputted to the counter 
electrode 34 . 

30 

Though not shown in the drawings, on the inner surface of 
the substrate 3 0 having the pixel electrode 3 2 and the counter 
electrode 34, are formed a plurality of gate bus lines and a 
plurality of data bus lines with a matrix configuration and a 
35 plurality of switching devices. On the inner surface of the 
substrate 3 8 having no electrode are formed a plurality of 
color filters (not shown) . 
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In this embodiment, the alignment layers are provided in 
order to put the liquid crystal molecules in an initial 
orientation direction. 

The homeotropic alignment layers 3 6 and 40 respectively 
are formed on the inner surfaces of the first substrate 3 0 and 
the second substrate 3 8 by coating homeotropic alignment 
material thereon where the first substrate 3 0 has the pixel 
electrode 32 and the counter electrode 34. 

The pretilt angles of the upper and lower alignment 
layers 3 6 and 4 0 are about 88 degrees to about 92 degrees 
relative to the substrates. 

The homeotropic alignment layers 36 and 40 induce the 
tilt alignment capable of arranging the longer axes of the 
liquid crystal molecules in a substantially perpendicular 
direction to the substrates. As a result, the pretilt angle 
developed by the homeotropic alignment layers are shown to be 
about 90 degrees relative to the substrates 30 and 38, as 
re p rese nted by the orientations of the liquid crystal 
molecules 44 . 

A polarizer 48 is disposed on the outer surface of the 
first substrate 30 such that an angle between the polarizing 
axis thereof and a direction of the electric field between the 
electrodes 32 and 34 is about 40 degrees to 50 degrees, 
preferably about 45 degrees. 

Here, the reason that the angle between the polarizing 
axis thereof and the direction of the electric field should be 
about 45 degrees is as follows: 

In the IPS mode, the transmittance of light is determined 
by the following equation (1) : 

T=T 0 sin 2 (2%) sin 2 (7r • And/X) equation (1) 
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Here, x is an angle between the optical axis of liquid 
crystal molecules and the polarizing axis of a polarizer. An 
is the anisotropy of the refractive index, d is an effective 
cell gap (thickness of a LC layer) and X is the wavelength of 
the incident light. 

Therefore, so as to obtain a maximum transmittance of the 
light, the angle between the optical axis of liquid crystal 
molecules and the polarizing axis of a polarizer should be 45 
degrees . 

An analyzer 49 is disposed outside the second substrate 
3 8 where an axis of the analyzer 4 9 is crossed to that of the 
polarizer 48 . 

In this embodiment, so as to greatly enhance the 
contrast, an optical compensating means having approximately 
the same retardation as that of the TN liquid crystal is used. 

Although an optical compensating plate 46 is disposed 
between the second substrate 38 and the analyzer 49 in FIGS. 
5A and 5B, the optical compensating plate 46 may be disposed 
on either one side of the LCD panel with the polarizer 48 and 
the analyzer 49 sandwiching the compensating plate 46 and the 
LCD panel therebetween. That is, the optical compensating 
plate may be disposed at least one of between the liqtid 
crystal layer and the polarizer and between the liquid crystal 
layer and the analyzer. 

The optical compensating plate 46 comprises nematic 
liquid crystal cells having about the same And value (where An 
represents the birefringence index of the liquid crystal and d 
is the thickness of the liquid crystal layer) as that of the 
LCD panel . 

Generally, the liquid crystal layer, as shown in FIG. 6A, 
comprises a plurality of molecules (44; n x =n y <n z ) of a rod 
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shape having positive birefringence where the height (n z ) of 
each molecule is larger than the radius (n x = n y ) thereof. Since 
the liquid crystal molecule 44 has a major axis and a minor 
axis, as described above, it exhibits an anisotropic 
5 refractive index characteristic. 

As a result, for example, in a case that the molecules 44 
of the liquid crystal layer are arranged normal to the 
substrates, when a viewer looks at the screen at a front 
10 position with a viewing angle being normal to the screen, 
since the light which has pass the polarizer 48 pass the 
optical axis of the liquid crystal molecules 44 and thereby 
does not change the polarization characteristic, the screen 
becomes dark. On the other hand, if the viewer looks at the 
15^ screen at a front position with a viewing angle being at a 
p direction away from the polarization axis, since an oblique 
in axis of the liquid crystal molecules is seen, a light leakage 
p"= occurs. As a result, such a light leakage deteriorates the 
contrast of the liquid crystal display device. 

□ Therefore, in this embodiment, so as to improve the 

f{ contrast, the optical compensating plate 46 is used. The 
p optical compensating plate 46 is a cured liquid crystal film 
vfj comprising a plurality of molecules 46a having negative 
25" ; birefringence, as shown in Fig. 6B . Each liquid crystal 

molecule 46a (n x =n y > n z ) has the radius n x or n y thereof longer 
than the height n 2 thereof. Each molecule 46a has a disk type 
structure or a bi-directionally stretched structure. 

30 Therefore, the optical compensating plate 4 6 compensates 

for the anisotropic refractive index of the LCD panel and 
thereby the LCD panel can exhibit an apparent isotropic 
characteristics . 

35 The operation of the liquid crystal display device will 

be explained below. 
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First, as shown in FIG. 5A, before an electric field 
between the pixel electrode 32 and the counter electrode 34 is 
applied, due to the homeotropic alignment layers 36 and 40, 
the liquid crystal molecules 44 within the liquid crystal 
5 layer 42 are arranged with the major axis thereof normal to 
the surfaces of the substrates . 

The light which has passed through the polarizer 48 has 
linearly polarized characteristics. The linearly polarized 
10 light does not change while passing through the liquid crystal 
layer 42 since the linearly polarized light passes through the 
optical axes of the liquid crystal molecules 44. Therefore, 
the light which has been transmitted through the liquid 
crystal layer 4 2 can not pass through the analyzer 4 9 since 
15^ the axis of the analyzer 4 9 is crossed to that of the 
p polarizer 48. Therefore, the screen becomes dark. At this 
^: time, the optical compensating plate 46 compensates for the 
?r- anisotropic refractive index of the liquid crystal layer 42 
jf 1 and thereby the screen become completely dark in all viewing 
20" angles. Therefore, the contrast may be greatly improved by 
□ the addition of the optical compensating means. 

£3 Moreover, as shown in FIG. 5B, when a voltage is applied 

to the pixel electrode 32 and the counter electrode 34, an 
25" electric field between the pixel electrode 32 and the counter 
electrode 34 disposed on the lower substrate 3 0 is generated. 

More specifically, in a portion close to the surface of 
the first substrate 30, the in-plane electric field (El) 
30 almost parallel to the substrate 30 is generated. In a 

portion adjacent to the second substrate 38, the electric 
field (E2) in a shape of ellipse as shown in FIG. 5B is 
generated. 

35 The liquid crystal molecules close to the first substrate 

3 0 continue to hold a state normal to the substrate 3 0 due to 
the van der Waals force between the homeotropic alignment 
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layer 36 and the liquid crystal molecules. 



The molecules 44c existing in a midway portion between 
the pixel electrode 32 and the counter electrode 34 still 
5 maintain off -state configuration since they are not influenced 
by the field. 

However, the liquid crystal molecules 44a and 44b except 
for the liquid crystal molecules close to the first and second 
10 substrates and the liquid crystal molecules 44c existing at a 
center portion between the electrodes 32 and 34 are tilted 
such that the major axes of the molecules 44a and 44b are 
parallel with the line of the electric field. More 
specifically, the liquid crystal molecules 44a at a left side 
lffS are tilted in a clockwise direction while the liquid crystal 
£ molecules 44b at a right side are tilted in a counterclockwise 
I direction. As a result, the liquid crystal layer 42 is 
A divided into two domains dl and d2 (see Fig. 4B) . The liquid 
I! crystal molecules included in the same domain are arranged in 
20 the same direction, and the direction of orientation is 
R different domain by domain. As a result, the liquid crystal 
!J layer 42 is divided into two adjacent domains by an interface 
U therebetween. In this invention, since the dual domain 
S structure of the liquid crystal layer is obtained by the 
25 electric field, complete symmetry is obtainable. 

The field El almost parallel with the surface of the 
substrate 3 0 has about 45 degrees relative to the polarizing 
axis of the polarizer 48. The electric field projected onto 
30 the surface of the substrate 30 from the electric field E2 

also has about 45 degrees relative to the polarizing axis of 
the polarizer 48. 

As a result, the light which passes through the polarizer 
35 48 and is thereby linearly polarized becomes elliptically 
polarized within the liquid crystal layer 42 since the 
polarization state of the linearly polarized light changes 
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within the liquid crystal layer 42. Then, the elliptically 
polarized light passes through the analyzer 49. As a result, 
the screen becomes white. Therefore, as appreciated from the 
equation 1, the transmittance becomes maximum. 

EMBODIMENT 4 : Active Matrix Type Liquid Crystal Display 
Device having a Multi-Domain Structure in a Liquid Crystal 
Layer 

As shown in FIG. 7, in a complete liquid crystal display 
device, rows of a plurality of gate bus lines 51-1, 51-2 and 
orthogonal columns of a number of data bus lines 55-1, 55-2 
are arranged in a matrix configuration on a transparent lower 
or first substrate 50. The gate bus lines 51-1, 51-2 and the 
data bus lines 55-1, 55-2 are electrically insulated from each 
other by a gate insulation layer (not shown) disposed 
therebetween. Thus a pixel is formed in the regions bounded 
by these two kinds of lines. For example, as shown in FIG. 7, 
a pixel PI is formed in the region bounded by two kinds of 
lines 51-1, 51-2 and 55-1, 55-2. In a similar manner, pixels 
P2, P3, and P4 are formed. Each of the counter electrodes 52- 
1, 52-2, 52-3, and 52-4 is formed in respective pixel regions 
PI, P2, P3 and P4 of the first substrate 50, for example in a 
structure having the form of a squared frame and is 
electrically connected with the other adjacent counter 
electrodes within the other adjacent pixels. Therefore, the 
same common signal is transferred to all counter electrodes 
52-1, 52-2, 52-3 and 52-4. Pixel electrode 56-1 is formed in 
the pixel regions PI of the first substrate 50 on which the 
counter electrode 52-1 is formed. Here, the pixel electrode 
56-1 may be modified in various configurations. In this 
embodiment, the pixel electrode 56-1 is formed in a 
configuration of a letter " 1 11 . First flange portion 56-la and 
second flange portion 56 -1c of the pixel electrode 56-1 are 
arranged in parallel with each other and are overlapped with 
the counter electrode 52-1. Web portion 56 -lb of the pixel 
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electrodes 56-1 serves to connect first flange portion 56-la 
with second flange portion 56-lc and divide the region 
enclosed by the counter electrode 52-1. In this embodiment, 
for example, the first flange portion 56-la and the second 
flange portion 56-lc are overlapped with portions of counter 
electrode parallel with the gate bus lines 51-1 and 51-2 and 
the web portion 56-lb of the pixel electrode 56-1 is arranged 
between the counter electrode 52-1 and parallel with the data 
bus lines 55-1 and 55-2. Switching devices, for example thin 
film transistors TFT1 to TFT2 are each arranged in a 
corresponding one of intersecting portions of gate bus lines 

51- 2 and data bus lines 55-1 and 55-2. The thin film 
transistors TFT1 to TFT2 each includes a channel layer 54, a 
source electrode 56-ld extended from the pixel electrodes 56-1 
and the data bus line 55-1 or 55-2. Here, an aperture region 
AP of unit pixel of the liquid crystal display device is a 
space bounded by the counter electrode 52-1 and the pixel 
electrode 56-1 and an additional capacitance type capacitor is 
formed in an overlapping portion of the counter electrode 52-1 
and the pixel electrode 56-1. A structure of an upper or 
second substrate is not shown in FIG. 7. 

Signal waves having information, for example are applied 
to the data bus line 55-1 and scanning waves are applied 
synchronously to the gate bus line 51-2. Here, although shown 
in drawings, each of gate bus lines 51-1 and 51-2 and each of 
data bus lines 55-1 and 55-2 are connected to a gate driving 
IC and a data driving IC LSI, respectively. The information 
signal is transferred from the data bus line 55-1 to the pixel 
electrode 56-1 through thin film transistor TFT1 . Therefore, 
an electric field is generated between the counter electrode 

52- 1 and pixel electrode 56-1. 

FIGS. 8 and 9 are cross sectional views of one pixel PI 
taken from line 8-8' of FIG. 7 where the gate bus lines (gate 
electrode 51-2) and counter electrode 52-1 are formed in a 
surface of the first substrate 50 and the gate insulation 
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layer 53 is formed on a surface of the resultant structure 
having the gate bus line 51-2 and the counter electrode 52-1 
formed thereon. An amorphous silicon layer 57 is deposited on 
a gate insulation layer 53 overlying the gate bus line 51-2 
and patterned to form a chanel layer 54. Data bus line (drain 
electrode; 55-1) is formed on a surface of the gate insulation 
layer 53, overlapping one side of the channel layer 54 and the 
pixel electrode 56-1 is formed on a surface of gate insulation 
layer 53 , overlapping the other side of the channel layer 54. 
Thus, TFT1 is completely obtained. Here, the gate insulation 
layer 53 serves to insulate between gate bus line (gate 
electrode; 51-2) and data bus line (drain electrode; 55-1) and 
also serves to insulate between the counter electrode 52-1 and 
the pixel electrode 56-1. Lower homeotropic alignment layer 
57 is coated on a resultant structure of the lower or first 
substrate 5 0 having thin film transistor formed thereon. A 
black matrix 61 is formed on an upper or second substrate 60 
opposite to the first substrate 50 such that the black matrix 
61 faces the thin film transistor TFT1 . A color filter 62 is 
formed at a side of the black matrix 61 on the upper or second 
substrate 60 such that the color filter 62 faces the pixel 
region. Upper homeotropic alignment layer 63 is coated on a 
surface of the second substrate 6 0 having the black matrix 61 
and the color filter 62 formed thereon. Liquid crystal 70 of 
positive dielectric constant anisotropy is held between the 
first and second substrates 50 and 60. 

In this embodiment like the embodiment 3, as shown in 
FIG. 8 a polarizer 59 is attached on the outer surface of the 
first substrate 50. So as to obtain a maximum transmittance 
of the light, the angle between the optical axis of liquid 
crystal molecules and the polarizing axis of a polarizer, 
should be 45 degrees. An analyzer 67 is attached on the outer 
surface of the second substrate 60. Although not shown in 
drawing, an axis of the analyzer 67 is crossed to that of the 
polarizer 59. So as to greatly enhance the contrast, an 
optical compensating means having approximately the same 
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retardation as that of the nematic liquid crystal is also used 
like in the embodiment 3. An optical compensating plate 65 is 
disposed between the second substrate 60 and the analyzer 67. 
The optical compensating plate 65 may be disposed on either 
one of the sides of the LCD panel with the polarizer 59 and 
the analyzer 67 sandwiching the compensating plate 65 and the 
LCD panel therebetween. Like the third embodiment, the 
optical compensating plate 65 comprises nematic liquid crystal 
cells having about the same And value (where An represents the 
birefringence index of the liquid crystal and d is the 
thickness of the liquid crystal layer) as that of the LCD 
panel . 

If no signals are applied to the gate bus line 51-2 and 
data bus line 55-1, as shown in FIG. 8, liquid crystal 
molecules 70-1 are aligned such that the optical axes of the 
liquid crystal molecules 70-1 are vertical to the substrates 
under the influence of the homeotropic alignment layers 57 and 
63 . 

If signals are applied to the gate bus line 51-1 and the 
data bus line 55-1, as shown in FIG. 9, an electric field with 
a vertical gradient is generated between the counter electrode 
52-1 and pixel electrode 56-1. Therefore, liquid crystal 
molecules 70-1 are arranged in the shape of a fringe field, 
thereby to form dual domains within the liquid crystal layer. 
At this time, as described in above other embodiments 1 to 3 , 
liquid crystal molecules 70c existing in a central portion 
between the counter electrode 52 and the pixel electrode 56 
still hold a state when the electric field is not applied and 
liquid crystal molecules 70a and 70b existing at both sides of 
liquid crystal molecules 70c are tilted into a symmetrical 
form. Here, various types and shapes of electrodes can be 
adopted within the scope of the present invention. For 
example, the counter electrode 52 and the pixel electrode 56 
each may be modified in various configurations, for example a 
comb-shape, ring shape, letters "I", "T", "II" or the like. 
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Next, so as to measure an electro-optic characteristic, a 
halogen lamp is used as a light source and a square wave, 6 0 
Hz voltage source from a function generator is applied to the 
sample liquid crystal cell. The light passed through the cell 
5 is detected by a photomultiplier tube. The electro-optical 
characteristics representing the relationship between the 
effective voltage applied to the pixels and the brightness 
(transmitted light intensity) in the present embodiments are 
shown in FIG . 10. 

10 

FIG. 10 shows the transmitted light intensity as a 
function of an applied voltage. The light transmission begins 
to occur at the applied voltage of about 7 volts, and the 
transmission becomes almost saturated at about 4 0 volts. 
\fz Since the transmission characteristics in the normal direction 
Q are a function of sin 2 (6/2) where 5 (=27rAnd / X) is a phase 
retardation, in a case that a cell has And=X/2, the 
transmission will increase continuously with further increase 
of the voltage. The transmission- saturation voltage depends 
2(f on the distance between the electrodes, the cell gap and the 
□ liquid crystal materials, i.e., Vth = irl/d (K 3 / e 0 Ae ) M . Here, 
ri Vth is a threshold voltage of the liquid crystal display, 1 is 
p an electrode distance, d is an effective cell gap, e 0 is a 
^ dielectric constant, Ae is a dielectric anisotropy constant, 
2fF and K 3 is a bend elastic constant. Therefore, Vth can be 
reduced to about 5 V by controlling the cell gap, the 
electrode distance, etc. for optimized design. 

Next, the dynamic behavior and microscopic observation of 
30 this liquid crystal display device is discussed. The rise 
time with an applied voltage of 40 volts is about 11 ms and 
the decay time is about 9 ms . This speed is almost the same 
as that of cell with the vertical alignment mode. 

35 The transmission pattern is also observed by using a 

polarizing microscope. When a voltage below a threshold 
voltage is applied, the cell shows a completely dark state 
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except for a region near the sphere spacers which are 
distributed so as to maintain the cell gap between the 
substrates. Sphere spacers are plastic vials distributed 
between the substrates so as to maintain the cell gap. In the 
absence of the electric field, in most regions, the liquid 
crystal molecules are arranged normal to the surfaces of the 
substrates. However, in the region of the sphere spacers the 
liquid crystal molecules are arranged along the surface of the 
spacers, so that the light is leaked since the molecules in 
such regions are not arranged exactly normal to the surfaces 
of the substrates. As the voltage increases above the 
threshold value, the transmittance begins to occur at the 
region near the electrodes and the transmission region extends 
to the whole space, as shown in FIG. 11A and 11B. 
Disclination lines exist at the center portion between the 
electrodes since the liquid crystals do not move through the 
whole cell gap at the center portion, namely, the directors 
are pushed towards the center portion from both sides. The 
disclination lines are very stable, and are not disturbed even 
in the applied voltage of about 55 volts. Since the 
disclination lines do not move around the other area except 
the original area, they do not affect the display quality. 

FIG. 12 shows the dependence of brightness on the viewing 
angle. The reference is the light intensity with a bias 
voltage of 40 volts at a direction normal to the screen. 
Thus, in Fig. 12, the numeral 90 within a box represents an 
illustrated region within which the brightness is above 90%. 
The numeral 70 represents a region where the brightness is 
above 70%. In a similar manner, each numeral within a box 
represents an illustrated region where the brightness is above 
the numeral barrier. As shown in Fig. 12, all of the 
illustrated regions show a uniform brightness. As can be seen 
from FIG. 12, the uniformity in brightness is greatly improved 
compared with that of the conventional cell associated with a 
single domain in deformation of vertical aligned phase (DAP) . 
Normalized transmission exceeds 30% within a polar angle of 60 
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degrees in all directions. This results from the 
configuration of dual-domainlike LC director by the in-plane 
switching . 

FIG. 13 shows the simulation result of the liquid crystal 
display device according to the fourth embodiment of this 
invention. It is noted that upon the application of the 
electric field, the molecules which exist between the pixel 
electrode 56-lb and the counter electrode 52-1 are arranged in 
the shape of the electric field, as described above. The 
molecules which exist above 56-lb and 52-1 maintain the 
initial state since the space above the electrodes 56-lb and 
52-1 has the same potential value as before application of the 
field. As shown, the molecules existing in a border region 
hold an equilibrium state without movement due to the force 
having a same value from the molecules within the two domains . 
Therefore, in this region, the light cannot pass through, so 
that a disinclination line occurs. In such liquid crystal 
display device the maximum transmittance is obtained at about 
3 0 ms since the transmittance is saturated at about 3 0 ms . 
This result shows that the liquid crystal display device has a 
fast response time compared to the conventional liquid crystal 
display device of in-plane switching mode having a maximum 
transmittance at more than about 50 to 60 ms . 

So as to confirm the increase of contrast by the optical 
compensating plate having a negative birefringence index, the 
contrast ratio of this device is measured. The result is 
shown in FIG. 14. A numeral 100 within a box represents a 
region where a contrast ratio is about 100%. A numeral 3 0 
within a box represents a region where a contrast ration is 
30%. A numeral 10 within a box represents a region where a 
contrast ration is 10%. As shown in Figure 14, almost all 
regions represent a contrast ratio value above 10%. 
Therefore, it is noted that the viewing angle is very 
excellent. The optical compensating plate manufactured by 
Nitto Denko Co., is used. The optical compensating plate has a 
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dimension of (nx-nz)d=0.2 -0.6 /im at X=589 nm. The liquid 
crystal display device having two domains within the liquid 
crystal layer between the electrodes clearly has fourfold and 
mirror plane symmetries as shown in iso-contrast curve of Fig. 
14 wherein it can be seen that the region with the contrast 
ratio greater than 10 is superior to that of conventional TN 
cell and comparable to that of the dual -domain structure of 
the VA cell with the optical compensating film which is 
proposed by K. Ohmuro,et al . , in SID 97 Digest, P 845, 1997. 
Especially, it is noted that the viewing angle characteristics 
in 45° diagonal direction are very excellent. 

As described above, according to this invention, in the 
presence of the electric field, an elliptical electric field 
is generated and the liquid crystal molecules are thereby 
arranged symmetrically relative to a point in a central area 
or region midway between the electrodes. As a result, since 
the liquid crystal layer is divided into two domains, a wide 
viewing angle with symmetry can be obtained. Without 
complicated processes the dual domain structure is easily 
obtained . 

Moreover, in the absence of the electric field, the light 
leakage is prevented by the optical compensating plate and 
thus the screen becomes perfectly dark. Therefore, the 
contrast ratio is greatly improved. 

Furthermore, in at least one embodiment of this 
invention, before the electric field is generated, the liquid 
crystal molecules are arranged such that the major axes 
thereof are normal to the substrates. After the electric 
field is applied, the molecules are tilted according to the 
shape of the field. Therefore, compared to the conventional 
liquid crystal display device of in-plane switching mode where 
liquid crystal molecules are first arranged in parallel with 
the substrates in the absence of the electric field and then 
twisted in the shape of the electric field in the presence of 
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the electric field, the response time of the liquid crystal 
display device according to this invention is greatly 
improved . 

Additionally, since the liquid crystals have positive 
dielectric constant anisotropy they therefore exhibit good 
purity and good reliability, and the quality of the device is 
greatly enhanced. 

Further, since a dual domain structure is formed within 
the liquid crystal layer, when the viewer looks at the screen 
in all oblique directions, almost the same number of the major 
axes and the minor axes of the liquid crystal molecules are 
seen in the presence of the electric field. Therefore, a 
color shift which occurs in the conventional liquid crystal 
display device can be obviated. 

It will be apparent to those skilled in the art that the 
liquid crystal display device having the liquid crystal layer 
with a multi-domain structure can be fabricated by employing 
the above described technology for forming two tilt domains 
according to this invention. 

Various other modifications will be apparent to and can 
be readily made by those skilled in the art without departing 
from the scope and spirit of this invention. Accordingly, it 
is not intended that the scope of the claims appended hereto 
be limited to the description as set forth herein, but rather 
that the claims be broadly construed. 
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What is claimed is: 



A method for producing two domains within a liquid 
f crystal layer by forming said liquid crystal layer with 
molecules thereof aligned vertically with respect to a 
substrate where the substrate has two electrodes separated 
from each other by a selected distance, and then applying an 
electric field between the two electrodes. 

j£ . A method for producing two domains within a liquid 
tcrystal layer comprising the steps of: 

forming a first electrode and a second electrode on a 
surface of a substrate, the electrodes being separated from 
each other by a selected distance; 

forming a liquid crystal layer having liquid crystal 
molecules on the substrate surface with the liquid crystal 
molecules aligned vertically with respect to the substrate 
surface ; and 

applying an electric field between the two electrodes, 
wherein a domain boundary is formed midway between the 
electrodes within the liquid crystal layer. 

3. The method of claim 2, wherein the step of forming the 
liquid crystal layer comprises steps of: forming a homeotrop 
alignment layer on the substrate surface on which the first 
and second electrodes are formed, and forming the liquid 
crystal layer on the homeotropic alignment layer. 

4/ A method for fabricating a liquid crystal display devic 
comprising the steps of : 

providing a first substrate; 

forming a first electrode and a second electrode on a 
surface of the first substrate; 

forming a homeotropic alignment layer on the first 
substrate having the two electrodes thereon; 

providing a second substrate; 
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forming a homeotropic alignment layer on a surface of the 
second substrate; 

arranging the two substrates such that the homeotropic 
alignment layers of the two substrates face each other and are 
separated by a selected distance; and 

forming a liquid crystal layer within a space between the 
homeotropic alignment layers of the two substrates. 

5f. A method for fabricating a liquid crystal display device, 
comprising: 

providing a first substrate having an inner surface and 
an outer surface opposite the inner surface; 

forming a first electrode and a second electrode on the 
inner surface of the first substrate; 

forming a first homeotropic alignment layer on the inner 
surface of the first substrate having the two electrodes 
formed thereon; 

providing a second substrate having an inner surface and 
an outer surface opposite the inner surface thereof; 

forming a second homeotropic alignment layer on the inner 
surface of the second substrate; 

arranging the two substrates such that the two inner 
surfaces of the two substrates face each other separated by a 
selected distance; 

forming a liquid crystal layer within a space between the 
substrates ; and 

forming an optical compensating plate on at least one 
outer surface of the two substrates. 

6. The method of claim 5, further comprising, after the step 
of forming the optical compensating plate, the steps of 
disposing a polarizer outside the first substrate and 
disposing an analyzer outside the second substrate. 




A liquid crystal display device comprising: 
a base substrate having a surface; 



a first electrode formed on the surface of the base 
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substrate ; 

a second electrode formed on the same surface of the base 
substrate, wherein the first electrode and the second 
electrode are spaced apart for application of an electric 
field therebetween; 

a liquid crystal layer formed on the base substrate 
surface and including liquid crystal molecules, the Ihquid 
crystal molecules for alignment normal to the base substrate 
surface in an absence of the electric field between the two 
electrodes ; 

wherein in the presence of the electric field between the 
two electrodes, the molecules are tilted towards a central 
region between the two electrodes . 

8. The liquid crystal display device of claim 7, further 
comprising a homeotropic alignment layer formed adjacent at 
least one of upper and lower surfaces of the liquid crystal 
layer . 

9. The liquid crystal display device of claim 7, wherein the 
liquid crystal layer is formed of a material having a property 
of positive dielectric anisotropy. 

10. The liquid crystal display device of claim 7, further 
comprising a second substrate together with said base 
substrate and said liquid crystal layer forming a panel upon 
which an optical compensating plate is formed. 

11. The liquid crystal display device of claim 10, wherein 
the optical compensating plate is made of a negatively 
birefringent index liquid crystal film. 

12. The liquid crystal display device of claim 7, wherein the 
first electrode is a pixel electrode, and the second electrode 
is a counter electrode. 

13. The liquid crystal display device of claim 12, wherein 
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each of the pixel and counter electrodes is made of a 
transparent metal film. 

14. The liquid crystal display device of claim 8, wherein the 
liquid crystal layer is formed of a material having a property 
of positive dielectric anisotropy. 

15. The liquid crystal display device of claim 8, further 
comprising a second substrate, together with said base 
substrate and said liquid crystal layer forming a panel upon 
which an optical compensating plate is formed. 

16. The liquid crystal display device of claim 15, wherein 
the optical compensating plate is made of a liquid crystal 
film including the negatively birefringent index molecules. 

17. The liquid crystal display device of claim 8, wherein the 
first electrode is a pixel electrode, and the second electrode 
is a counter electrode. 

18. The liquid crystal display device of claim 17, wherein 
each of the pixel and counter electrodes is made of a 
transparent film. 

/A liquid crystal display device comprising: 
a substrate; 

a first electrode formed on a surface of the substrate; 

a second electrode formed on the surface of the 
substrate, wherein the first electrode and the second 
electrode are spaced apart for application of an electric 
field therebetween; 

a liquid crystal layer formed on the surface of the 
substrate and including liquid crystal molecules; 

a homeotropic alignment layer formed adjacent at least 
one of upper and lower surfaces of liquid crystal layer; and 

an optical compensating plate formed on a layer on at 
least one side of upper and lower portions of the liquid 
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crystal layer, 

wherein in the presence of the electric field between the 
two electrodes, the molecules are tilted towards a central 
region between the two electrodes. 

20. The liquid crystal display device of claim 19, wherein 
the optical compensating plate is made of a liquid crystal 
film including a plurality of molecules of negatively 
biref ringent index . 

21. The liquid crystal display device of claim 19, wherein 
the liquid crystal molecules have a property of positive 
dielectric ani sot ropy . 

22. The liquid crystal display device of claim 19, wherein 
the first electrode is a pixel electrode, and the second 
electrode is a counter electrode. 

23. The liquid crystal display device of claim 22, wherein 
each of the pixel and counter electrodes is made of a 
transparent metal film. 



' a first substrate having an inner surface and an outer 

surface opposite the inner surface; 

a second substrate disposed opposite the first substrate 
and having an inner surface and an outer surface opposite the 
inner surface ; 

a liquid crystal layer sandwiched between the inner 
surfaces of the two substrates and including liquid crystal 
molecules / 

a first electrode and a second electrode formed on the 
inner surf ace of the first substrate, wherein the first 
electrode and the second electrode are spaced apart for 
application of an electric field therebetween; 

homeotropic alignment layers respectively formed on the 
inner surface of the first substrate and on the inner surface 




A liquid crystal display device comprising: 
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of the second substrate; and 

an optical compensating plate disposed on at least one of 
the outer surfaces of the first and second substrates, 

wherein in the presence of the electric field between the 
two electrodes, the molecules are tilted from the respective 
electrodes towards a central region between the two 
electrodes . 

25. The liquid crystal display device of claim 24 , further 
comprising a polarizer layer disposed outside the first 
substrate . 

26. The liquid crystal display device of claim 25, further 
comprising an analyzer layer disposed outside the second 
substrate . 

27. The liquid crystal display device of claim 24, wherein 
the optical compensating plate is made of a liquid crystal 
film including a plurality of molecules of negative 

biref ringent index . 

28. The liquid crystal display device of claim 25, wherein an 
angle between an axis of the polarizer and a direction of the 
electric field is about 45 degrees. 

29. The liquid crystal display device of claim 26, wherein an 
angle between the axis of the polarizer and an axis of the 
analyzer is about 90 degrees. 

30. The liquid crystal display device of claim 24, wherein 
the liquid crystal layer is formed of a material having a 
property of positive dielectric anisotropy. 

31. The liquid crystal display device of claim 24, wherein 
the first electrode is a pixel electrode, and the second 
electrode is a counter electrode. 
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32. The liquid crystal display device of claim 31, wherein 
each of the pixel and counter electrodes is made of a 
transparent metal film. 



' a first substrate having an inner surface and an outer 

surface opposite the inner surface; 

a second substrate having an inner surface and an outer 
surface opposite the inner surface and disposed opposite the 
first substrate; 

a liquid crystal layer sandwiched betwe en the inner 
surfaces of the two substrates and including liquid crystal 
molecules ; 

a pixel electrode and a counter electrode formed on the 
inner surface of the first substrate, wherein the pixel 
electrode and the counter electrode are spaced apart for 
application of an electric field therebetween for aligning the 
liquid crystal molecules between the two electrodes along 
electric field lines of the electric field; 

homeotropic alignment layers respectively formed on the 
inner surface of the first substrate and on the inner surface 
of the second substrate; 

a polarizer disposed on the outer surface of the first 
substrate ; 

an optical compensating plate disposed on the outer 
surface of the second substrate; and 

an analyzer disposed on the optical compensating plate , 
wherein 

in the presence of the electric field between the pixel 
electrode and the counter electrode, the molecules are tilted 
along said electric field lines towards a central region 
between the two electrodes where the liquid crystal molecules 
are aligned normal to the inner surfaces of the two 
substrates . 

34. The liquid crystal display device of claim 33, wherein 
the liquid crystal layer is formed of a material having a 




A liquid crystal display device, comprising: 
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property of positive dielectric anisotropy. 



35. The liquid crystal display device of claim 33, wherein an 
angle between an axis of the polarizer and a direction of the 
electric field is about 45 degrees. 

36. The liquid crystal display device of claim 33, wherein an 
angle between an axis of the polarizer and an axis of the 
analyzer is about 90 degrees. 

37. The liquid crystal display device of claim 33 , wherein 
the optical compensating plate is made of a liquid crystal 
film including a plurality of molecules of negative 
birefringence index . 

38. The liquid crystal display device of claim 33 , wherein 
each of the pixel and counter electrodes is made of a 
transparent metal film. 



f a first substrate having an inner surface and an outer 

surface opposite the inner surface; 

a second substrate having an inner surface and an outer 
surface opposite the inner surface and disposed opposite the 
first substrate ; 

a plurality of gate bus lines and a plurality of data bus 
lines intersecting the plurality of gate bus lines, arranged 
in a matrix configuration on a surface of the first substrate 
and defining a plurality of pixel regions each bounded by a 
pair of the plurality of gate bus lines and a pair of the 
plurality of data bus lines, - 

a liquid crystal layer sandwiched between the inner 
surfaces of the two substrates and including liquid crystal 
molecules ; 

a pixel electrode and a counter electrode formed on the 
inner surface of the first substrate, wherein the pixel 
electrode and the counter electrode are spaced apart for 




A liquid crystal display device comprising: 
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application of an electric field therebetween for aligning the 
liquid crystal molecules between the two electrodes along 
electric field lines of the electric field; 

a plurality of switching devices corresponding 
5 respectively to the plurality of pixel regions, each of the 
plurality of switching devices being connected to a 
corresponding one of the plurality of data bus lines and a 
corresponding one of the plurality of pixel electrodes; 

homeotropic alignment layers respectively formed on the 
10 inner surface of the second substrate and on the inner surface 
of the first substrate wherein the molecules are aligned 
normal to said inner surfaces of the two substrates in the 
absence of said electric field; 

a polarizer disposed on the outer surface of the first 
15--- substrate; 

F~ an optical compensating plate disposed on the outer 

surface of the second substrate; and 
J?" an analyzer disposed on the optical compensating plate, 

yrl wherein 

2d" in the presence of the electric field between the pixel 

q electrode and the counter electrode, the molecules are tilted 

along said electric field lines towards a central region 
S between the two electrodes wherein the molecules remain 
^0 aligned normal to said inner surfaces of the substrates. 

25^ 

40. The liquid crystal display device of claim 39, wherein 
the liquid crystal layer is formed of a material having a 
property of positive dielectric anisotropy. 

30 41. The liquid crystal display device of claim 39, wherein an 
angle between an axis of the polarizer and a direction of the 
electric field is about 45 degrees. 

42. The liquid crystal display device of claim 39, wherein an 
35 angle between an axis of the polarizer and an axis of the 
analyzer is about 90 degrees. 
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43. The liquid crystal display device of claim 39, wherein 
the optical compensating plate is made of a liquid crystal 
film including a plurality of molecules of negative 
birefringence index . 

44. The liquid crystal display device of claim 39, wherein 
each of the pixel and counter electrodes is made of a 
transparent metal film. 
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ABSTRACT OF THE DISCLOSURE 

A method of producing two domains within a liquid crystal 
layer by first forming two electrodes on a substrate, using a 
liquid crystal layer aligned vertically with respect to the 
substrate formed on the substrate where the substrate has two 
electrodes separated from each other with a selected distance. 
Finally, an electric field between the two electrodes is 
applied. 
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Combined Declaration and Power of Attorney Docket Number: 

As a below named inventor. I hereby declare that: 

- my residence, post office address and citizenship are as stated below next to my name; 

- I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is 
sought on the invention entitled: METHOD^ OF PRODUCING_TWC ^DOMAINS 

WITHIN A LIQUID CRYST ALLAYER, AND LIQUI^CRYSTAL DISPLAY 
DEVICE AND METHOD OF MA^FACTURING THE SAME, 

- the specification of which is attached hereto unless the following box is checked: □; and 

- that the application was filed on _ _ as U.S. Application Number or PCT International 

Application Number _ _ and was amended on _ _ (if applicable). 

I hereby state that I have reviewed and understand the contents of the above identified specification, including 
the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR §1.56. 

I hereby claim foreign priority benefits under 35 U.S.C. §1 19(a)-(d) or §365(b) of any foreign application(s) 
for patent or inventor's certificate, or §365(a) of any PCT International application which designated at least one 
country other than the United States, listed below and have also identified below, by checking the box, any foreign 
-application for patent or inventor's certificate, or PCT International application having a filing date before that of the 
^ application on which priority is claimed. 



Prior Foreign Application 



97-22108 

(Application Number) 



j (Application Number) 



Republicof Korea 

(Country) 



(Country) 



30/May/97 

(Day /Month/Year Filed) 



(Day/Month/Year Filed) 



Priority Not 
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I To the extent permitted by rule or law, I hereby incorporate by reference the Prior Foreign Application(s) listed above. 

I I hereby claim < 



(Provisional Application Number) 


(Day/Month/Year Filed) 


(Provisional Application Number) 


(Day/Month/Year Filed) 



I hereby claim the benefit under 35 U.S.C. §120 of any United States application(s), or §365(c) of any PCT 
International application designating the United States, listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United States or PCT International application in the manner 
provided by the first paragraph of 35 U.S.C. §1 12, 1 acknowledge the duty to disclose information which is material to 
patentability, as defined in 37 CFR §1.56, which became available between the filing date of the prior application and 



(Application Number) 


(Day/Month/Year Filed) 


(Status-patented, pending, abandoned) 


(Application Number) 


(Day/Month/Year Filed) 


(Status-patented, pending, abandoned) 



The undersigned hereby authorizes the U.S. attorney or agent named herein to accept and follow instructions 
from Yuil International Patent and Law Firm as to any action to be taken in the Patent and Trademark Office 
regarding this application without direct communication between the U.S. attorney or agent and the undersigned. In 
the event of a change in the persons from whom instructions may be taken, the U.S. attorney or agent named herein 
will be so notified by the undersigned. 
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I hereby appoint Francis J. Maguire, Reg. No. 3139L and the attorney(s) and/or agent(s) assigned to his 
customer number listed below, as may from time to time be amended, to prosecute this application and to transact all 
business in the Patent and Trademark Office connected therewith: 



Customer Number 



20413 




20413 



Address all telephone calls to: Francis J. Maguire at (203) 261-1234. Address all correspondence to 
Customer Number 



20413 



i 



20413 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made 
on information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code, and that such willful false statements may jeopardize the validity of the application 
or any patent issued thereon. . 
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Seung Hee, Lee 
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